During the course of other studies, one of us (M.M.) noticed that Escherichia coli K-12 mutants that are moderately resistant to , 8-lactam compounds containing two anionic groups-for example, sulbenicillin and carbenicillin-occurred spontaneously at rather high frequencies, so that several isolated colonies were routinely observed well within the inhibition zones around the ,B-lactam-containing disks in the disk diffusion tests for susceptibility. Since /3-lactam antibiotics must first diffuse through the outer membrane of these bacteria, and more specifically through the transmembrane porin channels (12, 13) , before they exert their antibacterial action, we examined the protein composition of the outer membrane of these mutants, and we found that they indeed lacked the porin species most efficient in producing permeability.
The resistant mutants were picked from colonies within the inhibition zones after incubation of L agar plates (3), which were spread with about 106 cells of wild-type E. coli K-12 or E. coli B/r strain CM6 (2), and on which filter paper disks each containing 500 jig of carbenicillin were placed. Agar dilution tests (Table 1) showed that these mutants were significantly more resistant to at least some 83-lactam compounds. Figures 1 and 2 show the patterns of cell envelope proteins in representative mutants as well as in the wild-type strains. E. coli K-12 produces two species of porins, coded by ompF and ompC genes (17) , and the extent of expression of these genes is controlled by the nature of the growth media (1, 10, 14) (cf. lanes a and b in Fig. 1 ). We observed that the mutants did not produce any ompF protein, even in a medium strongly favoring the expression of this gene; instead, ompC protein was strongly expressed (Fig. 1, lanes c through e) . E. coli B/r produces only one porin, presumably coded for by the ompF gene (17) . The amount of this porin was greatly diminished in the carbenicillin-resistant mutants (Fig. 1, lane h It has been established through both in vitro reconstitution approaches (8, 9) and mutant studies (2, 13) that porins in E. coli and Salmo- on November 2, 2017 by guest http://aac.asm.org/ Downloaded from nella typhimuriumn produce channels for the diffusion of most nutrients. Since porin channels appear to lack any configurational specificity (8, 12) , it is reasonable to assume that most small, hydrophilic antibiotics, including ,/-lactam compounds, reach the periplasmic space via the Dorin channel. Indeed, this role of the porin channel was proven in S. typhimurium for the penetration of cephaloridine (13) (4, 14, 16 ). Although the rates of penetration of these agents through the outer membrane have not been reported, these rates are expected to be quite slow, because tetracycline is large and negatively charged, and chloramphenicol is strongly hydrophobic (11) .
All these considerations suggest that the resistance phenotype of the K-12 mutants studied in this work is due to the absence of the ompF porin. To confirm this interpretation, we compared a known ompF mutant, JF703 (5), with its isogenic parent, JF568 (5), in an agar dilution assay; the assay showed that the ompF mutant was indeed resistant to carbenicillin, sulbenicillin, and ticarcillin but not to cephacetrile and cephaloridine. This observation is obviously consistent with our conclusion. However, the minimal inhibitory concentrations of the dibasic /Blactam compounds were increased only 2-to 4-fold for this mutant, in contrast to the 8-to 16-fold increase seen for HN101. The 
